1/44 




1 . 4 




Erase Program 190C 190C 

Condition Condition 3000sec 6000sec 



FIG, 1B 



2/44 



20 



^21 



WG 




FIG. 2 Prior Art 



2.6 
2.4 
2.2 
2.0 

> 1 .8 
.c 1 . 6 

> 1.4 

1 .2 

1 .0 
0 




1 10 100 1000 10000 

Program Erase Cycles 



FIG, 3 



3/44 




FIG. 4 Prior Art 




■20' 



FIG. 5A Prior Art 



4/44 



26- 



22-L' 




FIG. 



22-R 



23-^ ^20 ^23 

5B Pt ior Art 




50 100 150 200 250 300 350 



Program / Erase Cycle 



FIG. 6 



5/44 



150 



141 



140 



1 1 5 



1 Y5 /l 1 i 
1 1 2 




1 18 



V42 102 



FIG. 7 



141 160-1 170-1 




FIG. 8 



direction 



6/44 




1 1 1/1 J 2/1 1 3 



100 




A' 



-1 1 0 



FIG. 9B 



1 1 1/K12/1 13 



B 



Memory 



Logic 



100 




B ' 



FIG, 9C 



-1 1 0 



7/44 



Log i c( 
1 40 



Memo r y 



FIG. 10A 



1 19 



E 



111/11 2/1 1 3 




1 1 4 



100 





111/112/113 119 



100 





FIG. 10C 



8/44 



Log i c( 
1 40 



Memo r y 



1 70 




FIG. 11A 



-171 



1 1 4- 
1 40 

roo 



1 1 9 




111/11 2/1 1 3 




FIG. 1 IB 



-101 



102 



111/112/113 



1 00 





FIG. 11C 



-1 1 0 



9/44 



Log i c< 
1 40 



Memory 



1 70 



FIG. 12A 



-171 



100 




FIG. 12B 



101 



111/112/113 ^^^^ 



100 




FIG. 12C 



1 1 0 



10/44 




FIG. 12C1 




FIG. 1 2C2 



11/44 



Log i c( 
1 40- 



Memory 



1 70 



FIG. 12A3 



1 1 4- 
1 1 5- 



1 19 



100 




-171 



111/11 2/1 1 3 



^ jj/ ^'^ 




FIG. 12B3 



102V —103 



^1 1 5 1 1 Q 

111/1 12/1 13' ' ' y 



100 





FIG. 12C3 



-1 1 0 



12/44 




FIG. 13A 

1 ig,. 111/1 12/1 13 



1 00 




-180 



102 



FIG. 13B 



141 



1 00 




111/11 2/1 1 3 



-115 1 1 9~ 



0 



FIG. 13C 



-1 1 0 




13/44 



Logic' 
1 40 



Memo r y 



1 41v 



1 70 



1 1 4' 
1 1 5 




1 19 



-171 

111/11 2/1 1 3 

141 /I 1 5 



100 





102 



FIG. 14B 



111/112/113 ^115119- 



141- 



100 




\1 




FIG. 140 



-1 10 



14/44 



Log i c( 
1 40 



Memo r 



y 



1 70 



FIG. 15A 



1 1 9 



141 



—171 

111/11 2/1 1 3 
116^ 141 



100 




102 



FIG. 15B 



1 1 6 



111/112/113 r1 1 5 1 1 9- 




FIG. 15C 



1 1 0 



15/44 



Log i c( 
1 40 



Memo r y 



1 1 4- 
1 1 6- 



1 70 



FIG. 1 6A 

114/116 ^"^^X 111/112/113 



141- 



H40 



1 00 




102 



FIG. 16B 



1 1 6- 

141 
100 




111/112/11^ 115 




-1 1 0 



16/44 



Logic' 
140 



Memo r 



y 



1 70 



FIG. 17A 



-171 



142 111/112/113 



114/116 



100 




1 02 



FIG. 17B 



1 1 6- 



141 
1 00 




111/112/113 

i 



A 1 5 



\1 




I 



FIG. 17C 



-1 1 0 



17/44 




18/44 




FIG. 18A 



171 



140 14l'^^-x ^^^/^^2/1^13^ 



100 




1 02 



FIG. 18B 



1 1 6 



141 
1 00 




111/1 12/1 13 

— ^ 



\1 



I 



1 



FIG. 1 8C 



-1 1 0 



19/44 




FIG. 19A 

141 140 142 111/112/113 



100 




fU3 



1 02 



FIG. 19B 

111/112/J13 ^143 



100 



FIG. 19C 



-1 1 0 



20/44 




FIG. 20A^^ 

1 1 4/1 1 6 140^ ^A2 1 1 1/112/113 



100 



-141 102 

FIG. 20B 

1 43-^^ ^1 y 111/11 2/1 1 3 




7 



^1 43 



zr 



t 



FIG. 20C 



-1 1 0 



1 43 



1 73 



181 



-143 




1 40 



1 1 0 



-143 



21/44 




22/44 




FIG. 22B 



100 




1 40 



^1 1 0 

FIG. 22C 



23/44 




FIG. 23A 




24/44 




25/44 



D 
o- 



200 



AE 



Logic 

— ^ — — '' 
/iyte;rfcyr/ 



Logic 



FIG, 25A 



■ / / 



VE' 



D 



200 




21 1/2.12/213 



FIG. 25B 



D 



2 1 1 /2.1 2/2 1 3 
p. Memo r y / Logic 

£ 



200 




I 



F/C. 25C 



^210 



26/44 



219 





FIG. 26A 



216^ 214 ^ ^217 219 



200 




■240 



3 



FIG. 26B 



217' 



200 





FIG. 26C 



-210 



27/44 



219> 



218 



FIG. 27A 



216-^ 214 ^ ^ ^217 219 



200 




FIG. 27B 



242 218' 



■240 




.219 
-240 



FIG. 27C 



-210 



28/44 




FIG. 28A 



216 



214 



217 219 



200 




FIG. 28B 



240 218- 





240 



FIG. 28C 



-210 



29/44 




FIG. 29A 



2 1 6-^ 2 1 4 



21 7 



'252 



200 




251 



241 



202 
203 



240 218-^ 242^240 



FIG. 29B 



30/44 




-210 



FIG, 29C 




31/44 



unit cell 




FIG. 30 




FIG, 31 



32/44 



0-3V select 
4V unse I ec tj 




6V select 
OV unse I ec 

OV 



B i t 



Select 
Go te 



Select 
I Ce II 



Select 
Ga te 



Common 
Sou r ce 



Select 
Go t e 




Common 
Source 



FIG. 32A1 FIG. 32A2 



6V to 



Select 
Gate 




Select 
Ce I I 



Common 
Sou roe 



Select 
Go te 




Common 
Sou r ce 



FIG. 32B1 FIG. 32B2 



33/44 



314- 




516 



300 






/n — 




1 ■ 




U- ! 


f 


-T — ^340 



FIG. 33B 




34/44 



314 



340 




FIG. 34A 



300 




314- 

n r 


f n n 


31 1/312/313 

A n n n 


I ^ 


A 



'340 



FIG. 34B 



9 




-314 



300 





340 



FIG. 34C 



-310 



35/44 




FIG. 35B 




FIG. 360 



36/44 



314- 



-300 



340- 



/ / 



? • — 7 



? * — 7 



• — 7 



7 • — 7 



302 
-310 



314- 



300 




1 



FIG. 36B 



300 




F/G. 36C 



33 



'340 



-302 



380 



314 



-310- 




340 



37/44 



314- 



340- 



302 



FIG. 37A 

314- 



-315 



300- 



FIG. 37B 



-317 



-317 





7 






} y 


\ ? 




- — J 




^ 7 




vT? 




Y — 7 




1 — ^340 


f 














{J- 










) \ 









-303 



317- 



300 




FIG. 37C 



-310 




38/44 




FIG. 38A 



39/44 





40/44 



314 



340^/- 



330 




FIG. 39A 



316 



317 



330 



300 




314-^ ^317 ^315 



z 



340 




300 




FIG. 39C 



310- 



41/44 



-360 



314- 



340- 



aJl 



m 






'330 

3.51 



350 



El 



13 



-360 



-317 



FIG. 40A 



42/44 




■303 



FIG. 40B 



3.51 




FIG. 40C 



43/44 





44/44 



Hot hole 
injection 




Hot ho I e 
injection 



FIG. 43 



Electron 
De n s i t y 



P r og r am-^-s 




One side erase 



Two side'^erose 



FIG. 44 



